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To determine the relation of mammographic densities to subsequent breast cancer i!_

risk, a case-control study was undertaken using prediagnostic mammograms of i,. ,!

screening program participants. Mammograms of cases (n = 266} and controls {n :a:I_

i = 301} were blindly assessed for mammographic densities, which were measured by
planimetry. The odds of breast cancer increased steadily with increasing breast

density {test for trend. P < 0.0001}. Breast cancer odds was 1.7 for densities between

5% and 24.9%, 2.5 for 25% through 44.9%, 3.8 far 45% through 64%, and 4.3 for

densities of 65% and greater (referent = <5% densities). Odds ratios also increased

with increasing densities among women with the P2 and DY mammographic

patterns. These findings suggest that the percentage of mammographic densities in

the breast can predict breast cancer risk more accurately than a qualitative _Z:_

assessment of mammographic patterns. Cancer 67:2833-2838, 1991. e_

N MAMMOGRAPHY. normal cancer-free breast tissue a/._ developed a method to measure areas of nlammo- _-:_.represents a continuum of breast types ranging from graphic density that emplo._ s a planm}eter. This method _:_.

laity breasts with no measurable mamnmgraphic densities was first applied in a small case-control study o|" breast [

to those displaying extensive regions of density. Mare- cancer that utilized mammograms taken within 8 weeks I
mographic densities are areas of breast tissue seen radio- bel: e surgery._ Results from this study suggested 11',:,.1 t:==_

graphically over and above that of let. The densities are percent mammographic densities was a significant risk t _

composed of epithelial and connective tissue, the type of factor lbr breast cancer, although a dose-response rela-
tissue from which most breast neoplasms develop, tionship was not observed.

To determine whether the extent of mammographic In tile current study, we had the opportunit} to assess

densities is associated with risk of breast cancer, Wolfe el mare mograms taken 4 years before the diagnosis of breast

cancer among screening program panicipanls to deter-

mine if the percentage oflnammographic densities is pre-
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mammography, and thermography to more than 280,000 planimeter (LASICO, Los Angeles, CA). The percentage
volunteer women for 5 years, from 1973 through 1975. of radiographic densities was calculated by dividing the

The 266 case subjects were enrolled during the first area with densities by the total breast area.
year of the project and were newly diagnosed with uni- A multivariate analysis of variance 4 was conducted
lateral breast cancer during the fifth year (1978 through among the control women to identi_ breast cancer risk
1980). None of breast cancer subjects had a prior history factors independently associated with mammographic

of the disease. Women with bilateral breast cancer (n = 6)densities. Variables evaluated in this analysis included age, _i
were deleted from the analysis. The 301 control subjects weight, height, and menopausal status at entry, to the
did not have breast cancer during the 5-year screening screening program, first-degree family history of breast
period and were matched to case subjects on screening cancer, number oflive births, age at first live birth, years _ "_

center, 5-year age group, race (white, black, Asian, and of education, age at menarche, oral contraceptive and re- _ i

other), date of entry into the project (within 6 months), placement estrogen use, age at and type of menopause, i_
and duration of screening participation, and number of breast biopsies betbre entering the screen-

Data on breast cancer risk factors were collected ing program. Using the percentage of mammographic
through in-home interviews lasting 1 hour. The interviews densities as the dependent variable, we fit a model that _-
were conducted as part of a large case-control study, de- retained the variables most highly correlated with this
scribed in detail elsewhere.-" The questionnaire focused measure (P < 0.101.
on medical and reproductive history, family history of Odds ratios were calculated to deternfine the association
breast cancer, body build, hormone use, drinking and between breast cancer risk and five categories of percent-
smoking habits, and demographic characteristics. Inter- , age mammographic densities: less than 5%. 5% through
views were completed for 85.4% of the case subjects eli- 24.9%, 25% through 44.9%. 45% through 64.9%, and 65%
gible for the current study and 90.4% of their matched and greater. Women who had mammographic densities
controls, of less than 5% served as the referent group for all case-

To assess the percentage of mammographic densities, control comparisons. When analyzing population
the radiologist (J. N. W.)read prediagnostic mammograms subgroups, we combined the two highest categories of
taken during the first screening year (i.e., 4 years before percentage densities to compensate for small numbers of
the case subjects were diagnosed with breast cancer), women in these strata.
Among the breast cancer cases, we analyzed densities for Unconditional logistic regression analysis was used to
the breast in which the tumor developed. The breast cor- obtain adjusted odds ratios and to investigate the potential

responding to the same side was analyzed for each effects of interaction and contbunding. _-- Although the
matched control subject. To prevent measurement bias, study design was matched, unmatched analyses resulted
the radiologist was blinded to patient age. examination in similar, but more stable, estimates of relative risk by
date. screening center, and breast cancer status, retaining more case-control pairs than the matched anal-

Mammographic parenchymal patterns were also as- yses. s Risk factors evaluated lbr first-order interactions
sessed to determine if breast cancer risk increased with were age. menopausal status, first-degree lhmilv history
increasing percent densities among women in the P2 or of breast cancer, body weight, height, and parity-. The log-
DY categories. Wolfe's classification of mammographic likelihood ratio test was used to determine statistical sig-
parenchymal patterns consists of four breast patterns: N l, nificance of interactions on a multip]icative scale. _: Risk
P l, P2, and DY) The N1 breast is fatty with no measur- factors evaluated for confounding were selected a priori
able mammographic densities. The PI breast has up to on the basis of their association with breast cancer risk.
25% nodular densities, which appear as bead-like struc- The final logistic model was deternained bv removing
lures on mammography. The P2 breast has over 25% variables one at a time from the full model. We retained

nodular mammographic densities. The DY breast typi- a variable if its presence in the model _as judged to in-
callv contains extensive regions of homogenous mam- fluence the odds ratios associated with the five categories
mographic densities, which appear as sheet-like regions, of mammographic density'. Age at entry was retained in
No ductal densities are visible in the DY breast. 3 the model because it was a matching factor. The test for

The radiologist (J. N. W.) outlined all areas of roam- linear trend in odds ratios associated with percentage
mographic densities on the craniocaudal view using a densities was performed by' scoring this categorical variable
china marker. Isolated calcifications, biopsy, scars. Coop- with an ordered code li.e.. 1.2. 3.4) and treating it as a
er's ligaments, and breast masses were not considered in continuous variable.

this assessment. The total area of the breast and the out- To evaluate intraobserver reliability, a lOC'rsa"haple of. i
lined regions of mammographic densities were measured the study mammograms was selected and reread. The re-

b', one ofthe authors IM. S.) using a compensating polar liability nmmmograms _crc mixed x_ith lhc radiologist's - : i
" ° - i
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regular batches of study mammograms to prevent know[- 1AnlIi I. Adjusted Mean Percentof BreastAreaContaining
MammographicDensitiesAmongControlsby Characteristics

edge of which images were repeat readings. Data from the AssociatedWithPercentMammographic Density. Breast
first and second readings were cross-tabulated and agree- CancerDetectionandDemonstrationProect*
ment was calculated for the five categories of mammo-

graphic densities. 9 Agreement was also analyzed according Risk lhctor No. of controls Mean % density'i

to image quality, as judged by the radiologist at the time Ageat entry (.vr)
of the assessment. 35-44 56 45.9

45-49 46 31.4

50-54 52 27.6
55-59 53 25.7

Results 60-74 72 23. I

Weight at entry (kgJ

Case and control subjects were similar by age, race, <55 65 46.0
marital status, and educational attainment. The median 55-60 74 32.561-69 64 28.3

age at the time of entry into the project was 54 and 53 70+ "6 16.6
years of age among cases and controls, respectively. Ninety No.of livebirths
percent of the studv population was white, 6% black, and 0 4o 35.7 iii.• I 38 33.0

4% of Asian or other minority races. Most women had 2 "3 30.3 u_i_ii
ever been married (95%). In addition, the study subjects 3 o" 28.5

4+ 61 26.8

were well educated: most women had graduated from high Height(cm)
school (89%) and nearly, 50% had attended college. <157.5 40 24.3

Case subjects had higher percentages of mammographic 157.5-162.5 74 30.7
162.6-167.5 94 32.2

densities than control women (Fig. 1). Twelve percent of 1(_7.6+ 05 31.6
case subjects and 23% of controls had mammographic
densities of less than 5%. Forty-five percent ofcase subjects * Unkno_vnsexcludedfromanabsis.

and 32% of controls had mammographic densities of 45% ¢ Adjusted for age at entr), x_eiglat at entry, no. of live births, and
height.

or greater. The mean percentages of mammographic den-
sity were 38% for case subjects and 3 I% for controls.

A multivariate analysis of variance among the control Table 2 shows the crude and adjusted odds ratios es-

subjects showed that the percentage of mammographic timated from the final logistic model. The risk ofhaving -_-_
densities decreased with increasing patient age, body breast cancer increased steadily with increasing percent

,'. weight, and number of live births (Table 1). Height was densities, with the highest odds of breast cancer associateddirectly associated with percent densities: however, this
with densities of 65% or greater (OR = 4.3: 95% confidence

association was not as strong or consistent as the associ- interval [CI], 2.1 to 8.8). The test for linear trend in the
ation of densities with weight and age. odds ratios was statisticalb significant (P < 0.0001/. In r

addition, the odds of breast cancer associated with 45% [
or greater mammographic densities was comparable with

Cases. Controls or greater than that associated with traditional risk factors '30%

ao_ 267 for breast cancer in this study population.25.4 ! :.
J

20_ I

• 178 _ 20°/* 20.1 20a TABLE 2. Adjusted Breast Cancer Odds Ratios .Associated With [ ....
_o_ Percentage of Breast •Area Contamin_ Mammo_raphic. Densities. j_

o o Breast Cancer Detection and Demonstration Project* {'._

"6 i "6
' _ Cases Controls Cr:,dc odds adjustcd 95', con_dcncc. 116

10% c_ densities (no.) (no.) ratto ratio± inler'.a]

g t0_

<5 29 64 l.II t.O Rcfcrcnt

i 5-24.9 54 72 i" 1.7 (I.o-3 1[

i 25-44.9 56 57 2.2 2.5 (I .4-4 ol

45-04.9 67 58 2.8 3.g 12.0--. i

0% < 5 5-24 254445-64 65+ 0% 65+ 45 3] "__ 4._ (2.]-S S)< 5 5-24 2r;_,445-64 65+ ......

Percent Mammographic Densltfes Percent Mammographlc Densities
" t nknowns excluded from anal._sl_

FI(;. I. Distribution of cases and controls by percentage of breast area + .'_dlu_tcdlor age at entry cominuo_._ _ariable).
with radiographic densities. Breast Cancer Deleclion and Demonstration ¢ Sunuhancoush ad usted for age a en ry (continuous variablcl, weight av,_ntr3
Project. t<55.55-59. 60-64.55-74. and 75+ k_z_. and no. of live Nrlhs _0. 1.2, 3 4_I :
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To test for interaction, densities were analyzed as a risk crea_d with improving image quality with 85°o agreement i
factor in several population subgroups. The odds of breast on mammograms of excellent quality, 76% on roam-
cancer associated with percentage densities was similar mograms of good quality, and 69% on mammograms of
among women of different ages (less than 50, greater than fair or poor quality.

or equal to 51)years of age), menopausal status at entry, , !
weight at enid' (less than 63.5 kg. greater than or equal Discussion

to 63.5 kg). height (less than 167.6 cm, greater than or
equal to 167.6 cm), and parity (nulliparous. parous). Our findings suggesl that lhe risk ofhaving breast cancer _
Stratification by first-degree family history, of breast cancer is positively related to the percentage of mammographic
showed no major differences between the two groups for densities observed on screening mammograms taken 4 _=
odds ratios among women with densities of more than years before diagnosis. The odds of breast cancer increased _-_
5% (referent = women with no family history and less steadily with increasing percentage of densities. Women !_
than 5% densities). However, among women with less than with densities of 65% or greater had a lbur-lbld increase _•
5% mammographic densities, a positive family history in the odds of breast cancer compared with women with .,
exerted only a small influence on the risk of breast cancer less than 5% densities. This risk was comparable with or
(OR = 1.4: 95% CI, 0.4 to 5.0), Statistical tests tbr the greater than that associated with the established risk factors

interaction of family history of breast cancer and mare- for this disease, In addition, the relation of percent den .....
mographic densities under the additive and muhiplieative sities to breast cancer was independent and thus could
models uere not statistically significant, not be explained by recognized breast cancer risk factors,

To determine if there was heterogeneity in the risk of" including family history, of breast cancer in a mother, sis-
breast cancer within parenchymal pattern categories, we ter. or daughter, or age at first live birth, in addition, inca-
evaluated the odds of breast cancer associated with den- surement of percent densities provided better definition

sities anaong women with the P2 and DY patterns. Odds of risk than did parenchymal patterns, as demonstrated
ratios increased with increasing percentage densities in the analysis of densities among women in the P2 and
among women with P2 and DY patterns (Table 3). P2 DY categories. For instance. P2 women with 65% or more
women with less than 45% densities had an odds ratio of densities had an odds of breast cancer that was almost

2.4, whereas P2 women with 65% or greater densities had 50% greater than that for P2 women with less than 45_
3.5-fold higher risks of breast cancer. DY women with densities.
less than 45_) densities were not at increased risk of breast Wolfe and colleagues' conducted the only other study
cancer. In contrast. I)Y women with 45% or greater den- that used planimetry to determine the association of
sities had a 4.7-fold increased risk of breast cancer, mammographic densities witli risk of breast cancer. AI-

a Cross-tabulation of the first and second readings of the though these investigators found that mammographic

,___ reliabilit) sample manamogran_s (n : 275) indicated that densities of 25cc or greater were associated with an in-
,_ agreement on the five categories of percent mammo- creased risk of breast cancer, their study differed from the

graphic densities was 77%. As expected, agreement in- current investigation on several key methodologic aspects.A

'_'__ Most important, the mammograms read lbr the first stt,dv

J. TABLE3. BreastCancerOddsRatiosAssociatedWith \Voll_'s were taken at tile time of diagnosis and the radiologist

"-_1 Classification 05 Mammographic Patterns bx Percent of Breast .Area was not blinded to disease status as he was in the current
+_ Conta:nzng .MammographlC Densities. Breast Cancer stud). For this reason. Wolfe el al. _analyzed percent den-

,Detectionand Demonstration Project* sities in the opposite unaffected breast, whereas we inca-

Wolfe sured densities in the ipsilateral breast. In addition, the
pattern No.of No.of Odds 95%conlidence study population of the first study was much smaller and

<% density) cases controls ratm_" inter_al " +
was composed primarily of women who had symptoms

NI (0) 24 48 l.I) Referent of breast disease. Their referent group included women
Pl 1.1-24.91 (,4 88 _.4 (o.s-2.(,) with mammographic densities of less than ">;"( whereas
P2 129 I I I 2.S 11.6-5.1) -- "

(25-44.9) .15 39 2.4 (I.2-4.8} the referent group for the current stud) was restricted to

(45-64.9) 52 4, 3.0 (!5-5.9t women with less than 5% densities. Ideally. the re/brent
I_65) 32 24 3.5 (I.o-7.g) group should include only women with no measurable

DY 34 36 2.6 (1.3-5.4)
(<45) 8 17 1.1 (0 4-3. l ) mammographic densities (i.e., 0% densities).
(.>45) 2o 1,"; 4.7 12.()-I1.4) Other studies that examined the risk of breast cancer

* t lnknowns e,.-iudcd from analysis, associated with mam mographic densities c_ducted visual
fAdiusted ler-gcatentD (conlmuousvariahlel. weighlalentr).(<55 assessments of the densities and evaluated nodular and

55-59.60-64. r,< -" "::, _ kgL and numhcz ofi_e biHhs(O 1.2.3.4+). ]lonlogeneous densities separately, m-f: Two studies jLj2
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found stronger trends in the risk associated with nodular studies are needed to understand more fully the relation i
i

densities, whereas another found that breast cancer risk between weight and the percentage of mammographic J
was more strongly associated with extent of homogeneous densities in the breast. !
densities. I° The most recent study j2 was of a Canadian The potential for bias to affect our study findings was

! screening population, which reported odds ratios very minimized through a number of methodologic features.
-1

similar to those from our study. The investigators ofthat All mammograms evaluated for this study were taken 4
study examined nodular and homogeneous densities sep- years before the diagnosis of breast cancer among case
arately: however, they, found that the percentage of the subjects, thereby ensuring that the exposure preceded the

breast containing total densities (nodular + homogeneous d_sease. In addition, the use of prediagnostic mammo-

"_ densities) was a better indicator of breast cancer risk than grams reduced the potential tbr bias in the assessments
-- the percentage ofeither nodular or homogeneous densities ofmammographic densities that can occur when a cancer

alone. _-" is discernible. Because the reader was blinded to disease

A stratified analysis based on a small number of women status and other characteristics of the study subjects, any
indicated that a first-degree family history of breast cancer misclassification of mammographic densities was likely
was not a significant risk factor among women with den- to be equal among case and control subjects. Whereas
sities of less than 5%. Thus, women with less than 5% many studies evaluated case subjects +contralateral breast,
densities appear to be protected from the effect of a family we analyzed the ipsilateral breast and therefore did not
history of breast cancer: In a prior analysis] 3 we found have to assume that both breasts had the same percentage
that women with the N 1 parenchymal pattern and a first- of densities.
degree family history of breast cancer had a slightly lower The potential for masking bias to affect our study find-
risk of breast cancer than N 1women without such a family ings should also be considered• Masking bias can occur
history for the disease, when tumors are concealed in breasts that have high

Among'control women, the extent of mammographic amounts of radiographic densitiesJS: such concealment
densities decreased with increasing patient age, body could lead to delays in diagnosis. Two studies _ ._ofound
weight, and number of live-born children, whereas tall that the effects of masking on estimates of relative risk
women were more likely than short women to have high- were greatest among studies whose subjects were not reg-
density breasts. Body weight and patient age showed the ularly screened by mammography and whose cases were
strongest associations with percent densities. Brisson et diagnosed at the initial mammographic examination. '4
al. _'- reported similar associations of age, body weight, Thus. the effect of masking is likely to be minor in our
and parity with the percentage of mammographic den- _ase-conlrol study of incident breast cancer in a large
sities. Numerous studies have observed that the extent of screening population.
manlmographic densities decreases with age. 14 a phe- Finc.ngs from our reliability study showed that the as-
nomenon thought to be the consequence of fatty invo- sessment of mammographic densities is a repeatable in-
lution of the breast, which occurs around the time of traobserver method. The agreement between the first and
menopause. Because mammographic densities tend to re- second readings, based on five categories of density, was
cede with increasing age. it could be essential to evaluate good (77%). This agreement is particularly good consid-
mammographic densities on mammograms taken several ering that the mammograms were taken between 1973
years before the diagnosis of breast cancer, and 1980, a period when image quality was not as good

Our findinN and those of Wolfe eta/. ; showed no dif- as it is today. Furthermore, the mammograms came from
"ference in the odds of breast cancer associated with mare- 25 difti_rent centers that used dift_rent mammography
mographic densizy among younger and older women. Two modalities; 66_ of the centers used xeromammography.
studies, however, found positive associations only anaong whereas 34% used film-screen.
women younger than 50 years of age. "__z In conclusion, we found that the quanlification of

Several studies have shown strong and consistent as- mammographic densities with planimetry is a promising
sociations of body weight with mammographic paten- technique that could enhance our ability to identi_'
chvmal patterns. s-_- One study evaluated the cross-see- women at high risk of having breast cancer..Although
tional associatier:., of weight with the concentration and some brief training on identifying nlammographic den-
percentage of mammographic densities. _5Increased body sities and using the planimeter is necessary, the measure-

, weight was ass_\'iated with a sharp reduction in both the ments can be accomplished in a few minutes by mam-
percentage oft,he breast showing mamnlographic densities nmgraphers or skilled tecb_nicians. With available tech-
and their concentration. _5The authors concluded that nology, it may be possible to automate the q_antification
higher bed3 _ei_nt leads to a true reduction in the absolute of manlmographic densities, thereby minimizina variaiion
number ofmat,.'..'nographic densities. Clearly, longitudinal in the measurements. We recommend that reliability,:
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studies be conducted to determine how well other ra- 10. Boyd NF, O'Sullivan B, Campbell JEet al. Mammographic signs

diologists can reproduce measurements of the percentage as risk factors for breast cancer. BrJ Cancer 1982:45:185-193.I 1. Brisson J, Merlctti F, Sadowsky et al. Mammographic features of
of mammographic densities in the breast using planim- the breast and breast cancer risk. Am J Epidemiol 1982; 115:438--443.

etry. 12. Brisson J. Verreault R, Morrison AS, Tennina S. Meyer F. Diet,
mammographic features of breast tissue and breast cancer risk. Am J
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